
    

   

 

   

      

        

    

     

 

     

 

   

 

          

           

 

             

          
 

   

          

             

          

             

 

             

              

           

         

           

             

           

 

                

              

         

 

 

 

   

 

    

   

   

     

   

 

                                                 
     

             

November 23, 2009 

Dr. Barbara Shane 

Executive Secretary, Board of Scientific Counselors 

NIEHS, NTP Office of Liaison, Policy and Review 

P.O. Box 12233, K2–03 

Research Triangle Park, NC 27709 

Delivery via e-mail to shane@niehs.nih.gov 

Dear Dr. Shane: 

Subject: Supplementary Information for the Review off Hydroquinone During the 

December 9-10, 2009 Meeting of the NTP Board of Scientific Counselors 

In response to the October 23, 2009 Federal Register Notice announcing the December 9

10, 2009 meeting of the NTP Board of Scientific Counselors (BSC) 
1
, the Hydroquinone 

Group
2 

is pleased to provide the enclosed supplementary information regarding 

hydroquinone. As part of their product stewardship programs, member companies of the 

Hydroquinone Group have funded research to develop new toxicological and 

pharmacokinetic data pertinent to an assessment of the safety of hydroquinone. 

By way of these comments, we are providing information on published and unpublished 

information that may be of interest to the NTP Board during its deliberations on 

hydroquinone. In particular, we are providing information regarding studies on 

reproductive and developmental toxicity, toxicokinetics, and carcinogenicity. These 

studies are either completed, undergoing peer-review for publication, or included in post-

marketing commitments made to the FDA. The studies address the inconsistencies and 

data gaps mentioned in the NTP Research Concept document. 

Please feel free to contact us if you have any questions regarding this information or on 

hydroquinone in general. We thank you for this opportunity to provide this information to 

the NTP and to the NTP Board. 

Sincerely, 

Betsy Carlton (es) 

Betsy Carlton, PhD, DABT 

Chair, Hydroquinone Group 

c/o Rhodia Inc. 

5171 Glenwood Ave, Suite 402 

Raleigh, NC 27612 

betsy.carlton@bluestarsilicones.com 

1 
74 Fed. Reg. 54821.
 

2 
The Hydroquinone Group is comprised of major global manufacturers of hydroquinone
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Supplementary Information for the Review off Hydroquinone During the 

December 9-10, 2009 Meeting of the NTP Board of Scientific Counselors 

In its Fifth Report to the Administrator of the US Environmental Protection Agency 

(EPA) (44 FR 70664) published in 1979, the Toxic Substances Control Act (TSCA) 

Interagency Testing Committee (ITC) designated hydroquinone for further health effects 

testing including carcinogenicity, teratogenicity, and epidemiology. 

Subsequently, EPA published a final rule (50 FR 53145) that required testing “to evaluate 

hydroquinone’s toxicokinetics and to determine its potential to produce nervous system, 

reproductive and teratogenic effects”. The EPA’s decision to require testing for 

reproductive and teratogenic effects was based on its analysis of publications from the 

1950s and1960s. These same publications appear to be the basis for the proposed NTP 

Research Concept and the statement in the Concept document regarding potential 

reproductive and developmental toxicity of hydroquinone. 

As part of the TSCA test rule for hydroquinone, EPA required that the studies to address 

its concern about possible reproductive toxicity and teratogenicity from hydroquinone 

exposure be conducted according to Agency-approved guidelines and under Good 

Laboratory Practice Standards (GLP). All of the TSCA test rule results for reproductive 

and teratogenic endpoints were published in the peer-reviewed literature in addition to 

being delivered to the EPA, which also conducted an onsite inspection of selected raw 

data for the studies. The inconsistencies mentioned in the NTP Research Concept 

document result from the differences observed between the early (1950s and1960s) 

studies that were not conducted under TSCA test rule and GLP requirements and studies 

that were conducted under TSCA requirements. The TSCA-related studies include a 

rabbit developmental toxicity study (Murphy et al., 1992), a rodent developmental 

toxicity study (Krasavage et al., 1992), and a rodent two-generation reproduction study 

(Blacker et al., 1993). 

As originally requested by the ITC, an epidemiology study was conducted for 

hydroquinone, although it was not part of the TSCA test rule. The study included an 

occupational population with long-term exposure to hydroquinone dust, via both 

inhalation and dermal exposures, and inhalation exposure to p-benzoquinone vapor (Pifer 

et al., 1995). 

Since completion of the toxicokinetic testing required under the TSCA rule, additional 

toxicokinetic studies have been published (Corley et al., 2000; Poet et al., 2004) and a 

study adding a dermal exposure component to the toxicokinetic modeling for 

hydroquinone has been submitted for publication (Poet et al., 2009). A mode-of-action 

determination has recently been completed by McGregor (2007) following an 

internationally agreed protocol. 
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While there is no long-term dermal chronic toxicity study of hydroquinone, a 90-day 

subchronic study with hydroquinone in a skin lightener formulation in rats has been 

published (David et al., 1998). 

In addition to the above-mentioned studies, there are two ongoing studies with 

hydroquinone in a skin lightening formulation, which also includes fluocinolone 

acetonide and tretinoin. While the combination drug is not solely a hydroquinone 

exposure, the additional drugs involved are not expected to decrease the dermal 

absorption of hydroquinone. Both of these studies are related to post-marketing 

commitments made to the FDA by the manufacturer of a skin lightener. One of the 

studies involves human pregnancy outcome data from use of the skin lightener. The 

status of this study according to an FDA internet website is “Pending.” The second study 

includes dermal cancer bioassays in rats and mice including pigmented animals. This 

study is nearing completion and, according to the FDA reporting method on its internet 

website, the study is on-schedule. Information on these studies may be available from the 

FDA for product NDA/BLA Number 21112. 

Abstracts of the cited literature are appended to these comments. 
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Liver Isolated Hepatocytes: Application to a PBPK Model
 

Torka S. Poet,*,1 Hong Wu,* J. Caroline English,† and Richard A. Corley*
 

*Battelle, Pacific Northwest Division, Center for Biological Monitoring and Modeling, P.O. Box 999, Richland, Washington 99352;
 
†Health and Environmental Laboratories, Eastman Kodak Companies, Rochester, New York 14652 

Received April 13, 2004; accepted July 15, 2004 

Hydroquinone (HQ) is an important industrial chemical that also 
occurs naturally in foods and in the leaves and bark of a number of 
plant species. Exposure of laboratory animals to HQ may result in 
species-, sex-, and strain-specific nephrotoxicity. The sensitivity of 
male F344 versus female F344 and Sprague-Dawley rats or B6C3F1 
mice appears to be related to differences in the rates of formation of 
key nephrotoxic metabolites. Metabolic rate constants for the 
conversion of HQ through several metabolic steps to the 
mono-glutathione conjugate and subsequent detoxification via 
mercapturic acid formation were measured in suspension cultures 
of hepatocytes isolated from male F-344 rats and humans. A 
mathematic kinetic model was used to analyze each metabolic 
step by simultaneously fitting the disappearance of each substrate 
and the appearance of subsequent metabolites. An iterative, nested 
approach was used whereby downstream metabolites were consid
ered first, and the model was constrained by the requirement that 
rate constants determined during analysis of individual steps must 
also satisfy the complete, integrated metabolism scheme, including 
competitive pathways. The results from this study indicated that the 
overall capacity for metabolism of HQ and its mono-glutathione 
conjugate is greater in hepatocytes from humans than in those 
from rats, suggesting a greater capacity for detoxification of the 
glutathione conjugates in humans. Metabolic rate constants were 
applied toan existing physiologically basedpharmacokinetic model, 
which was used to predict total glutathione metabolites produced in 
the liver. The results showed that body burdens of these metabolites 
will be much higher in rats than in humans. 
Key Words: physiological model; bioactivation; nephrotoxicity; 

species-specific. 

Hydroquinone (HQ) is present in natural products such as 

wheat and some types of fruit, and it is used in photographic 

developing solutions, in rubber and vinyl monomer manufactur

ing (Deisinger et al., 1996), and in naturopathic remedies as an 

antioxidant (Wittig et al., 2001). In addition, HQ is a metabolite 

of the industrial solvent, benzene, as recently reviewed by 

Lovern et al. (1999). A consequence of the industrial, consumer, 

1 To whom correspondence should be addressed at Battelle, Pacific 
Northwest Division, P.O. Box 999, MSIN P7-59, Richland, Washington 
99352. Fax: (509) 376-9064. E-mail: torka.poet@pnl.gov. 

and natural sources of HQ is a high potential for low-level human 

exposures. 

Two chronic bioassays (NTP 1989; Shibata et al., 1991) with 

HQ have indicated increases in the severity of chronic nephro

pathy and renal adenomas in male F-344 rats in regions of the 

kidney that were significantly affected by chronic progressive 

nephropathy (Whysner et al., 1995; Hard et al., 1997). Marked 

gender and species differences in the nephrotoxicity of HQ have 

been noted. Long-term exposure studies indicate that the kidneys 

of male F-344 rats are more susceptible to adverse effects asso

ciated with HQ exposure than kidneys in female rats, other 

strains of rats, mice, or dogs (Boatman et al., 1996; English 

et al., 1994; NTP 1989; Shibata et al., 1991). In a retrospective 

study on human mortality from subjects working in an HQ man

ufacturing plant, no increase in mortality was attributable to 

renal disease or tumors (Pifer et al., 1995). 

The mechanism of HQ-induced nephropathy and the gender, 

strain, and species differences in susceptibility have not been 

fully elucidated. The gender difference may simply be due to 

spontaneous nephropathy progressing more rapidly in male than 

female rats (Sandberg et al., 2003; Seely et al., 2002). In addi

tion, species differences in metabolism may be a factor in the 

extent of nephrotoxicity resulting from HQ exposures. Metabo

lism to reactive intermediates is clearly a factor in the renal 

toxicity and exacerbation of chronic progressive nephropathy 

associated with HQ ingestion in laboratory animals. While glu

curonide and sulfate conjugation are the primary pathways for 

detoxification, accounting for as much as 90–99% of the admin

istered dose in rats, the minor glutathione conjugation pathway 

appears to be responsible for renal toxicity and, ultimately, 

tumorigenicity (DeCaprio 1999). Other studies have indicated 

that benzoquinone might represent a reactive and mutagenic 

metabolite, but the processing of DNA damage appears to be 

different in human and mouse cells (Nakayama et al., 2000). 

Gender-specific enzyme induction after repeated dosing may 

also be a factor (Boatman et al., 1996). 

The complex metabolism and associated toxic potential of 

specific HQ metabolites epitomizes the importance of under

standing the balance between species-, strain- and gender-

specific activation versus detoxification pathways. A simplified 

Toxicological Sciences vol. 82 no. 1 # Society of Toxicology 2004; all rights reserved. 
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